Microcrystals of hydroxyapatite (HyAp) have been observed in association with a number of pathogenic conditions. HyAp crystals have been found in patients with several types of arthritis, such as osteoarthritis, bursitis. periarthritis. erosive arthritis, and in the Milwaukee shoulder svndrome.'-"' When HyAp crystals are injected in vivo at appropriate places a severe inflammation results.'' 12 The precise mechanisms by which HyAp crystals cause inflammation are largely unknown. In recent years. however, a number of studies have been performed to clarify this. HyAp crystals are able to interact with several cell types, eventually resulting in the release of inflammation promoting constituents. 12' - Neutrophils are associated with a wide range of inflammatory conditions, owing to their ability to release tissue degrading enzymes and to produce toxic oxygen metabolites upon activation. ii Intrapleural injection of HyAp in the rat causes an inflammatory reaction consisting of exudate and a mixed leucocyte population of neutrophils and mononuclear cells. 9 Acccptcd for publication 25 Februarv 19X7. Corrcspondencc to Dr Jan G R Elfcrink. Dcpartmcnt of Mcdical Biochcmistrv. Svivius Laboratorics. Universitv of Lcildcn. PO Box 9503. 23 (X) RA Lcidcn. The Ncthcrliands.
The ability of the neutrophil to release tissue degrading enzymes and inflammation promoting constituents upon activation, and the presence of that cell type in the vicinity of HyAp depositions. suggests that the neutrophil may serve as a possible mediator in HyAp crystal associated inflammations.
For this reason a biochemical study was undertaken to observe the interaction between HyAp microcrystals and neutrophils and thus determine the ability of the crystals to release cellular constituents from neutrophils and make an approach towards establishing the mechanism of this release.
We stated in a preliminary report that HyAp crystals may cause cell damage in erythrocytes and rabbit peritoneal neutrophils. that phagocytosis may be involved in crystal induced cell damage in rabbit neutrophils. and that positive charges might play a part in cell-crystal interaction. ' (Fig. 4 ). This applied both to LDH and lysozyme release. The same occurred with negatively charged proteins: albumin (and thus serum too) and catalase strongly inhibited HyAp induced enzyme release ( Table 2) ; release of LDH was more strongly inhibited than release of lysozyme.
Because the preceding experiments suggested a role for positive charges in the cell-crystal interaction an attempt was made to localise these positive charges. Neutrophils or HyAp crystals were pretreated with the polyanion poly-D-glutamic acid, followed by centrifugation and washing to remove loosely bound polyanion. The pretreated cells or crystals were then exposed to non-treated crystals or cells respectively, and the degree of inhibition by the adherent polyanion was compared with the results of an experiment in which the polyanion was added before the incubation of cells with crystals ( Table 3) . The interaction between pretreated neutrophils-and HyAp gave about the same enzyme release as that of control cells with HyAp. The interaction between cells and pretreated HyAp, however, gave almost no enzyme release and resembled the situation in which the polyanion was present during incubation.
Treatment of neutrophils with neuraminidase to remove the negatively charged sialic acid residues from the cell surface had little or no effect on the subsequent interaction between cell and HyAp x O g polv-Lglutamic acid/ml; dextr. sulph 100 utg dextran sulphate/ml; heparin -100 -tg/ml; PVPNO = 1000 utg polyvinylpvridine-N-oxidelml. M=LDH release; -=lvsozvme release.
heparin PVPNO sulph crystals: the enzyme release for neuraminidase treated cells was only slightly different from that of control cells (Fig. 5) . HyAp crystals were able to release glucose trapped in multilamellar liposomes (Fig. 6 ). This release occurred only when the liposomes were negatively charged, with positively charged liposomes the release of glucose in the presence of crystals was even less than control. The polyanion poly-D-glutamic acid completelv annihilated the effect of HyAp on negativelv charged liposomes (Table 4) . With positively charged liposomes the polyanion gives a higher glucose release than with crystals alone. probably as a consequence of the interaction of negatively charged polyanion with the positively charged liposomes. including LDH, the release of which we used as a measure for plasma membrane damage. This difficulty was solved by dissolving the crystals with EDTA at the end of the experiment. Owing to the small size, the crystals were rapidly dissolved, and this procedure facilitated the subsequent experimental procedure.
HyAp crystals appear to have two different effects on neutrophils: (a) a membrane damaging effect. as can be deduced from the leakage of the cytoplasmic enzyme LDH; (b) an activating effect, resulting in Fig. 6 Glucose release from negatively charged liposomes. Multilamellar liposomes prepared from lecithin, cholesterol, and dicethyl phosphate, and loaded with glucose, were exposed to various concentrations ofcrystals. Release of glucose was measured as described in 'Materials and methods'; the release of glucose in excess of control was expressed as a percentage ofglucose release from Triton X-I00 treated liposomes.
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,9ug HyAp/7.5,umol lipid Sialic acid residues make an important contribution to the negative charge on the cell surface. Removal of these sialic acid residues with neuraminidase has little effect on the cell-crystal interaction. It seems therefore unlikely that an interaction between the positive charges on the crystals and the negatively charged sialic acid residues play an important part in the cell-HyAp interaction.
The experiments with liposomes show that HyAp crystals are able to disrupt lipid bilayer membrane when these are negatively charged. Polyanions annihilate the disrupting effect. These results indicate that here too positive charges on the crystals play a predominant part and that the lipid section of group.bmj.com on April 12, 2017 -Published by http://ard.bmj.com/ Downloaded from the membrane may be the target of the HyAp crystals.
For the disruption of phagocytes by urate crystals a mechanism has been proposed in which the crystals exert their effect after phagocytosis by an attack on the phagolysosome membrane.)' 31 The results with cytoplasts show that the membranes of these neutrophil derived structures can be damaged by HyAp without the involvement of granules; in this regard they resemble human erythrocytes, which are readily haemolysed by HyAp crystals. 33 Phagocytosis nevertheless appears to have a role in HyAp induced enzyme release as can be deduced from the effect of cytochalasin B, Ca", and inhibitors, but the nature of this role is not easy to establish. It may be that phagocytosis results in the formation of a protein free region in the membrane, thus allowing an easier attack by other crystals on these lipid regions. Such a mechanism does not exclude an attack of the crystals taken up by phagocytosis on the phagolysosome membrane. The relative contribution of these processes to the final release of enzymes remains to be established. 
